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Abstract (cont.)

Beginning 1 January 1999, the responsibility for funding the operational activities of the seis-
mic field systems and the Norwegian National Data Center (NDC) has been taken over by the
Norwegian Government, with the understanding that the funding of IMS-related activities will
gradually be arranged through the CTBTO/PTS. Research activities described in this report, as
well as transmission of selected data to the United States NDC, are continuing to be funded by
the United States Department of Defense.

The NOA Detection Processing system has been operated throughout the period with an aver-
age uptime of 99.93%. A total of 1723 seismic events have been reported in the NOA monthly
seismic bulletin for October 1999 through March 2000. The performance of the continuous
alarm system and the data transmission to AFTAC has been satisfactory. Processing of requests
for full NOA and regional array data on magnetic tapes has progressed according to established
schedules.

This Semiannual Report also presents statistics from operation of the Regional Monitoring
System (RMS). The RMS has been operated in a limited capacity, with continuous automatic
detection and location and with analyst review of selected events of special interest for regional
monitoring of Fennoscandia and adjacent regions. Data sources for the RMS have comprised
all the regional arrays processed at NORSAR. The Generalized Beamforming (GBF) program
continues to be used as a pre-processor to RMS.

On-line detection processing and data recording at the NORSAR Data Processing Center
(NDPC) of NORES, ARCES and FINES data have been conducted throughout the period. Data
from two small-aperture arrays at sites in Spitsbergen and Apatity, Kola Peninsula, as well as
the Hagfors array in Sweden, have also been recorded and processed. Processing statistics for
the arrays as well as results of the RMS analysis for the reporting period are given.

The operation of the regional arrays has proceeded normally in the period. Maintenance activi-
ties in the period comprise preventive/corrective maintenance as required in connection with all
of the NOA subarrays as well as the refurbished ARCES array. Other activities have involved
repair of defective electronic equipment, cable splicing and work in connection with the SPITS
array. Work is also continuing in making the modifications required for formal certification of
the NOA array.

A summary of the activities related to the GSETT-3 experiment and experience gained at the
Norwegian NDC during the reporting period is provided in Section 4. Norway is now contrib-
uting primary station data from two seismic arrays: ARCES and NOA and one auxiliary array
(SPITS). These data are being provided to the IDC via the global communications infrastruc-
ture (GCI). Continuous data from all three arrays are in addition being transmitted to the US
NDC, and continuous data from SPITS are transmitted to the PIDC. Our link to the PIDC is
also used to transmit data from the NORES array and the NIL station in Pakistan. The trans-
mission speed of the NORSAR-PIDC link was reduced on 8 March 2000 from 256 Kbps to
128 Kbps.

During September 1999, the ARCES array was upgraded with completely new electronics,
under a contract with the Provisional Technical Secretariat (PTS). The ARCES data transmis-
sion, which includes the conversion of data to the CD1-format used by the IDC, has been car-
ried out successfully during the period, and ARCES processing at the PIDC has been
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proceeding normally after the installation was completed. The ARCES array is now in a testing
and evaluation phase, and is expected to be considered for certification later this year.

The PrepCom has encouraged states that operate IMS-designated stations to continue to do so
on a voluntary basis and in the framework of the GSETT-experiment until such time that the
stations have been certified for formal inclusion in IMS. In line with this, we envisage continu-
ing the provision of data from Norwegian IMS-designated stations in accordance with current
procedures.

Summaries of seven scientific and technical contributions are presented in Chapter 6 of this
report.

Section 6.1 contains a report from the meeting of the IDC Technical Experts Group on Seismic
Event Location in Oslo, Norway on 20-24 March 2000. This was the second meeting of the
Experts Group in support of Working Group B of the CTBTO Preparatory Commission. At its
first meeting in January 1999, the Experts Group developed plans and recommendations fora
global calibration program, and presented its report to Working Group B in February 1999. The
second meeting had the following objectives:

« To review proposals for detailed station-specific regional corrections to be applied for IMS
stations in North America, Europe, North Africa, Asia and Australia

« To recommend a set of such corrections, including appropriate model errors, for incorpora-
tion into the Release 3 of the IDC software

« To develop a plan for future extensions and improvements of this regional correction data
base, to be incorporated into future IDC software releases

« To review progress in the general recommendations from the January 1999 meeting, and
make adjustments and updates to these recommendations as required.

The primary task of the meeting was to assess the status and availability of such calibration
information for the regions being considered, and to plan for implementing regional location
calibration at the IDC, both for Release 3 of the IDC applications software and for implementa-
tion in the longer term. The second meeting was attended by sixty technical experts, coming
from fifteen signatory countries and the Provisional Technical Secretariat. Dr. Frode Ringdal of
Norway chaired the meeting.

The meeting was organized into four sessions, including Working Group discussions to address
the technical issues in detail during the meeting. Topics were:

 Collection of Calibration Information

+ Application of Calibration Information

» Validation of Calibration Information

« Specific recommendations for IDC Release 3

Detailed recommendations were developed for each of these subject matters, and will be pre-
sented to Working Group B in Vienna during its May 2000 session.

Section 6.2 is entitled “Locating Seismic Events in Northern Eurasia” and is a summary of a
paper presented at the Oslo location workshop. The paper discusses the application of the
velocity model previously developed for the Barents region (the Barents model) to seismic

A
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events in a larger area, and compares the results to those obtained using the IASPEI-91 model.
It concludes that the Barents model, which is known to give accurate locations in the Fennos-
candian and NW Russia area, can be successfully applied to the more general northern Eurasia
region. The paper also contains analysis of seismic events in specific regions of interest, and
provides a table of ground truth locations (1 km accuracy) of a set of nuclear explosions at
Novaya Zemlya, inferred from study of satellite imagery.

Section 6.3 is a follow-up study to the initial analysis of data from the Eurobridge experiment
presented in the preceding Semiannual Technical Summary. Eurobridge comprised a 1130 km
seismic refraction profile crossing the Baltic Shield in the northwest and the Ukrainian Shield
in the southeast. There were three series of shots, one in 1995 and two in 1996. Observations of
these explosions at the Fennoscandian arrays (ARCES, FINES, Hagfors, and NORES) provide
an opportunity to check the accuracy of the travel-time tables in use at NORSAR for Fennos-
candia. At the same time, these refraction shots provide a useful extension to the pIDC ground-
truth database. |

P-phases from most of the Eurobridge shots were observed at the FINES, HAGFORS and
NORES arrays, and even at the more distant ARCES array as many as 12 out of the 29 events
were seen. We have investigated in detail observed deviations in P-wave travel times from
those predictions by the Fennoscandian crustal and upper mantle velocity model. Our study has
revealed several instances of documented timing errors at the various arrays. Even when
accounting for these timing errors, there remains a considerable scatter in the travel times as
compared to the theoretical model. The interpretation of these anomalies in terms of crustal and
upper mantle structure is not obvious. An important outcome of this study is the development
of a method to identify possible timing anomalies at IMS stations. This method could be useful
both in validating calibration data and in providing a tool for continuously checking the timing
accuracy and consistency of IMS stations.

Section 6.4 contains an analysis of data recorded at the SPITS array for some recent profiling
experiments near Spitsbergen. Data from airgun shots in the water as well as small underwater
explosions of 25 to 50 kg conventional explosives could be observed at distances up to 350 km
when using the double-beam technique for SNR enhancement. Not unexpectedly, the study has
demonstrated that the crust and uppermost mantle around the SPITS station is very heteroge-
neous. However, with the exact travel times available through this study for different azimuths
in the range 0-3 degrees, the location and detection processing of local and near-regional events
at SPITS will be considerably improved.

This is particularly important because there are large numbers of local events recorded at
SPITS every day, and a correct location and phase identification will help eliminate these
phases from interfering in the Generalized Beamforming process for network association and
event definition analysis. Furthermore, the ground-truth data base developed during this study
will be used to reanalyze in more detail the large observed slowness deviations at SPITS
reported in previous Semiannual Technical Summaries.

Section 6.5 addresses the waveform quality of SPITS recordings. The problem of spikes in the
data streams for individual sensors (in particular the SPB5_sz sensor) has been a recurring
problem at this array. Until the problem can be technically corrected, which will probably
require a complete refurbishment of the array electronics, it is important to automatically iden-
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tify and (if possible) correct these spikes so that they do not interfere with the array detection
analysis.

In this contribution, a new method to detect and correct for one-sample spikes (which is the
most typical spike observed at SPITS channels) is developed and tested. A particular challenge
has been to develop an algorithm that does not trigger any spike correction on real, impulsive
signals, which are quite often seen at this array. The paper concludes that the spike detector and
the corresponding data correction procedure provides an efficient method to identify and
remove one-sample spikes from the seismic data stream, and that the procedure could be useful
for general application to systems that experience similar kinds of technical problems.

Section 6.6 is entitled: “Third Level Seismo-geographical Regionalization of Fennoscandia”.
This work has been undertaken by the Nordic countries in response to an initiative by IASPEI
in 1985. The purpose is to refine the current global regionalization, which has two levels: Level
1 (Gutenberg-Richter) comprising 50 regions, and Level 2 (Flinn-Engdahl) with 728 regions.

The detailed zonation presented in this contribution comprises 74 regions for the Level 3 zona-
tion of Fennoscandia. This is almost an order of magnitude more than the corresponding Flinn-
Engdahl subdivision, which has about 10 regions covering this area. The regions along the
outer borders of the Nordic countries have been defined in cooperation with those countries for
which Level 3 regionalization already exists. The Level 3 zonation described in this paper has
been implemented in the current NORSAR regional seismic bulletin production.

Section 6.7 is a study of the crustal structure of the Barents Sea, with a discussion of how the
crustal configuration and composition affects regional models for seismic velocities and travel-
times. In recent years, deep seismic reflection and refraction data have greatly improved our
understanding of the deep basins and the underlying crystalline crust in the Barents Sea and of
the crustal transition across the western continental margin. The data base for the present study
includes a comprehensive set of such profiles along with gravity and magnetic data as well as
general geological information. The crustal and seismic velocity structure of the Barents Sea is
found to vary significantly, and the approximate range is as follows:

 Thickness of sedimentary cover varies between 0 — 20 km
« Depth to Moho varies between 20 — 45 km
« Thickness of crystalline crust varies between 10 — 45 km

The crustal heterogeneity of the Barents Sea region implies that very detailed regional travel-
time models may be required for accurately locating seismic events in this region.

Frode Ringdal
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1 Summary

This Semiannual Technical Summary describes the operation, maintenance and research activi-
ties at the Norwegian Seismic Array (NOA), the Norwegian Regional Seismic Array (NORES),
the Arctic Regional Seismic Array (ARCES) and the Spitsbergen Regional Array (SPITS) for
the period 1 October 1999 - 31 March 2000. Statistics are also presented for additional seismic
stations, which through cooperative agreements with institutions in the host countries provide
continuous data to the NORSAR Data Processing Center (NPDC). These stations comprise the
Finnish Regional Seismic Array (FINES), the Hagfors array in Sweden and the regional seismic
array in Apatity, Russia.

Beginning 1 January 1999, the responsibility for funding the operational activities of the seismic
field systems and the Norwegian National Data Center (NDC) has been taken over by the Nor-
wegian Government, with the understanding that the funding of IMS-related activities will grad-
ually be arranged through the CTBTO/PTS. Research activities described in this report, as well
as transmission of selected data to the United States NDC, are continuing to be funded by the
United States Department of Defense.

The NOA Detection Processing system has been operated throughout the period with an average
uptime of 99.93%. A total of 1723 seismic events have been reported in the NOA monthly seis-
mic bulletin for October 1999 through March 2000. The performance of the continuous alarm
system and the data transmission to AFTAC has been satisfactory. Processing of requests for full
NOA and regional array data on magnetic tapes has progressed according to established sched-
ules.

This Semiannual Report also presents statistics from operation of the Regional Monitoring Sys-
tem (RMS). The RMS has been operated in a limited capacity, with continuous automatic detec-
tion and location and with analyst review of selected events of special interest for regional
monitoring of Fennoscandia and adjacent regions. Data sources for the RMS have comprised all
the regional arrays processed at NORSAR. The Generalized Beamforming (GBF) program con-
tinues to be used as a pre-processor to RMS.

On-line detection processing and data recording at the NORSAR Data Processing Center
(NDPC) of NORES, ARCES and FINES data have been conducted throughout the period. Data
from two small-aperture arrays at sites in Spitsbergen and Apatity, Kola Peninsula, as well as the
Hagfors array in Sweden, have also been recorded and processed. Processing statistics for the
arrays as well as results of the RMS analysis for the reporting period are given.

The operation of the regional arrays has proceeded normally in the period. Maintenance activi-
ties in the period comprise preventive/corrective maintenance as required in connection with all
of the NOA subarrays as well as the refurbished ARCES array. Other activities have involved
repair of defective electronic equipment, cable splicing and work in connection with the SPITS
array. Work is also continuing in making the modifications required for formal certification of
the NOA array.

A summary of the activities related to the GSETT-3 experiment and experience gained at the
Norwegian NDC during the reporting period is provided in Section 4. Norway is now contribut-
ing primary station data from two seismic arrays: ARCES and NOA and one auxiliary array
(SPITS). These data are being provided to the IDC via the global communications infrastructure
(GCI). Continuous data from all three arrays are in addition being transmitted to the US NDC,
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and continuous data from SPITS are transmitted to the PIDC. Our link to the PIDC is also used to
transmit data from the NORES array and the NIL station in Pakistan. The transmission speed of
the NORSAR-PIDC link was reduced on 8 March 2000 from 256 Kbps to 128 Kbps.

During September 1999, the ARCES array was upgraded with completely new electronics, under
a contract with the Provisional Technical Secretariat (PTS). The ARCES data transmission, which
includes the conversion of data to the CD1-format used by the IDC, has been carried out success-
fully during the period, and ARCES processing at the PIDC has been proceeding normally after
the installation was completed. The ARCES array is now in a testing and evaluation phase, and is
expected to be considered for certification later this year.

The PrepCom has encouraged states that operate IMS-designated stations to continue to do so on
a voluntary basis and in the framework of the GSET T-experiment until such time that the stations
have been certified for formal inclusion in IMS. In line with this, we envisage continuing the pro-
vision of data from Norwegian IMS-designated stations in accordance with current procedures.

Summaries of seven scientific and technical contributions are presented in Chapter 6 of this
report.

| Section 6.1 contains a report from the meeting of the IDC Technical Experts Group on Seismic

| Event Location in Oslo, Norway on 20-24 March 2000. This was the second meeting of the
Experts Group in support of Working Group B of the CTBTO Preparatory Commission. At its
first meeting in January 1999, the Experts Group developed plans and recommendations for a glo-
bal calibration program, and presented its report to Working Group B in February 1999. The sec-
ond meeting had the following objectives:

* To review proposals for detailed station-specific regional corrections to be applied for IMS
stations in North America, Europe, North Africa, Asia and Australia

* Torecommend a set of such corrections, including appropriate model errors, for incorporation
into the Release 3 of the IDC software

* To develop a plan for future extensions and improvements of this regional correction data
base, to be incorporated into future IDC software releases

* Toreview progress in the general recommendations from the January 1999 meeting, and make
adjustments and updates to these recommendations as required.

The primary task of the meeting was to assess the status and availability of such calibration infor-
mation for the regions being considered, and to plan for implementing regional location calibra-
tion at the IDC, both for Release 3 of the IDC applications software and for implementation in the
longer term. The second meeting was attended by sixty technical experts, coming from fifteen sig-
natory countries and the Provisional Technical Secretariat. Dr. Frode Ringdal of Norway chaired
the meeting.

The meeting was organized into four sessions, including Working Group discussions to address
the technical issues in detail during the meeting. Topics were:

* Collection of Calibration Information

* Application of Calibration Information

* Validation of Calibration Information

* Specific recommendations for IDC Release 3

Detailed recommendations were developed for each of these subject matters, and will be pre-
sented to Working Group B in Vienna during its May 2000 session.

2
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Section 6.2 is entitled “Locating Seismic Events in Northern Eurasia” and is a summary of a
paper presented at the Oslo location workshop. The paper discusses the application of the veloc-
ity model previously developed for the Barents region (the Barents model) to seismic events in a
larger area, and compares the results to those obtained using the IASPEI-91 model. It concludes
that the Barents model, which is known to give accurate locations in the Fennoscandian and NW
Russia area, can be successfully applied to the more general northern Eurasia region. The paper
also contains analysis of seismic events in specific regions of interest, and provides a table of
ground truth locations (1 km accuracy) of a set of nuclear explosions at Novaya Zemlya, inferred
from study of satellite imagery.

Section 6.3 is a follow-up study to the initial analysis of data from the Eurobridge experiment
presented in the preceding Semiannual Technical Summary. Eurobridge comprised a 1130 km
seismic refraction profile crossing the Baltic Shield in the northwest and the Ukrainian Shield in
the southeast. There were three series of shots, one in 1995 and two in 1996. Observations of
these explosions at the Fennoscandian arrays (ARCES, FINES, Hagfors, and NORES) provide
an opportunity to check the accuracy of the travel-time tables in use at NORSAR for Fennoscan-
dia. At the same time, these refraction shots provide a useful extension to the pIDC ground-truth
database.

P-phases from most of the Eurobridge shots were observed at the FINES, HAGFORS and
NORES arrays, and even at the more distant ARCES array as many as 12 out of the 29 events
were seen. We have investigated in detail observed deviations in P-wave travel times from those
predictions by the Fennoscandian crustal and upper mantle velocity model. Our study has
revealed several instances of documented timing errors at the various arrays. Even when
accounting for these timing errors, there remains a considerable scatter in the travel times as
compared to the theoretical model. The interpretation of these anomalies in terms of crustal and
upper mantle structure is not obvious. An important outcome of this study is the development of
a method to identify possible timing anomalies at IMS stations. This method could be useful
both in validating calibration data and in providing a tool for continuously checking the timing
accuracy and consistency of IMS stations.

Section 6.4 contains an analysis of data recorded at the SPITS array for some recent profiling
experiments near Spitsbergen. Data from airgun shots in the water as well as small underwater
explosions of 25 to 50 kg conventional explosives could be observed at distances up to 350 km
when using the double-beam technique for SNR enhancement. Not unexpectedly, the study has
demonstrated that the crust and uppermost mantle around the SPITS station is very heteroge-
neous. However, with the exact travel times available through this study for different azimuths in
the range 0-3 degrees, the location and detection processing of local and near-regional events at
SPITS will be considerably improved.

This is particularly important because there are large numbers of local events recorded at SPITS
every day, and a correct location and phase identification will help eliminate these phases from
interfering in the Generalized Beamforming process for network association and event definition
analysis. Furthermore, the ground-truth data base developed during this study will be used to
reanalyze in more detail the large observed slowness deviations at SPITS reported in previous
Semiannual Technical Summaries.
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Section 6.5 addresses the waveform quality of SPITS recordings. The problem of spikes in the
data streams for individual sensors (in particular the SPB5_sz sensor) has been a recurring
problem at this array. Until the problem can be technically corrected, which will probably
require a complete refurbishment of the array electronics, it is important to automatically iden-
tify and (if possible) correct these spikes so that they do not interfere with the array detection
analysis.

In this contribution, a new method to detect and correct for one-sample spikes (which is the
most typical spike observed at SPITS channels) is developed and tested. A particular challenge
has been to develop an algorithm that does not trigger any spike correction on real, impulsive
signals, which are quite often seen at this array. The paper concludes that the spike detector and
the corresponding data correction procedure provides an efficient method to identify and
remove one-sample spikes from the seismic data stream, and that the procedure could be useful
for general application to systems that experience similar kinds of technical problems.

Section 6.6 is entitled: “Third Level Seismo-geographical Regionalization of Fennoscandia”.
This work has been undertaken by the Nordic countries in response to an initiative by IASPEI
in 19835. The purpose is to refine the current global regionalization, which has two levels: Level
1 (Gutenberg-Richter) comprising 50 regions, and Level 2 (Flinn-Engdahl) with 728 regions.

The detailed zonation presented in this contribution comprises 74 regions for the Level 3 zona-
tion of Fennoscandia. This is almost an order of magnitude more than the corresponding Flinn-
Engdahl subdivision, which has about 10 regions covering this area. The regions along the
outer borders of the Nordic countries have been defined in cooperation with those countries for
which Level 3 regionalization already exists. The Level 3 zonation described in this paper has
been implemented in the current NORSAR regional seismic bulletin production.

Section 6.7 is a study of the crustal structure of the Barents Sea, with a discussion of how the
crustal configuration and composition affects regional models for seismic velocities and travel-
times. In recent years, deep seismic reflection and refraction data have greatly improved our
understanding of the deep basins and the underlying crystalline crust in the Barents Sea and of
the crustal transition across the western continental margin. The data base for the present study
includes a comprehensive set of such profiles along with gravity and magnetic data as well as
general geological information. The crustal and seismic velocity structure of the Barents Sea is
found to vary significantly, and the approximate range is as follows:

» Thickness of sedimentary cover varies between 0 — 20 km
* Depth to Moho varies between 20 — 45 km
* Thickness of crystalline crust varies between 10 — 45 km

The crustal heterogeneity of the Barents Sea region implies that very detailed regional travel-
time models may be required for accurately locating seismic events in this region.

Frode Ringdal




NORSAR Sci. Rep. 2-1999/2000 May 2000

2 Operation of International Monitoring System (IMS) Stations
in Norway

2.1 PS27 — Primary Seismic Station NOA

The average recording time was 99.93% as compared to 99.77% for the previous reporting
period.
Table 2.1.1 lists the reasons for and times of the main outages in the reporting period.

Date Time Cause
30 Dec 1604 - 1710 Problems at NDPC
09 Jan 1526 - 1720 Problems at NDPC

Table 2.1.1. The major downtimes in the period 1 October 1999 - 31 March 2000.

Monthly uptimes for the NORSAR on-line data recording task, taking into account all factors
(field installations, transmissions line, data center operation) affecting this task were as

follows:

October 99 : 100.00%
November : 100.00%
December : 99.84%
January 00 : 99.74%
February : 100.00%
March : 100.00%
J. Torstveit
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Fig. 2.1.1. The figure shows the uptime for the data recording task, or equivalently, the availability
of NOA data in our tape archive, on a day-by-day basis, for the reporting period. (Page 1 of 2,
Oct-Dec 1999).
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NOA Event Detection Operation

In Table 2.1.2 some monthly statistics of the Detection and Event Processor operation are
given. The table lists the total number of detections (DPX) triggered by the on-line detector, the
total number of detections processed by the automatic event processor (EPX) and the total
number of events accepted after analyst review (teleseismic phases, core phases and total).

Total | Total Accepted Events Sum Daily
DPX EPX P-phases Core
Phases
Oct 99 10,382 834 242 55 297 9.6
Nov 99 11,561 895 301 49 350 11.7
Dec 99 12,017 879 254 62 316 10.2
Jan 00 11,850 843 187 65 252 8.1
Feb 00 12,066 1036 171 44 215 74
Mar 00 11,886 886 225 68 293 9.5
69,762 5373 1380 343 1723 94

Table 2.1.2. Detection and Event Processor statistics, 1 October 1999 - 31 March 2000.

NOA detections

The number of detections (phases) reported by the NORSAR detector during day 274, 1999,
through day 092 , 2000, was 69,762, giving an average of 381 detections per processed day
(183 days processed).

B. Paulsen

U. Baadshaug
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2.2 PS28 — Primary Seismic Station ARCES

The average recording time was 98.90% as compared to 99.72% for the previous

period.

Table 2.2.1 lists the reasons for and times of the main outages in the reporting period.

Date
18 Oct
19 Oct
21 Oct
10 Nov
15 Nov
19 Nov
22 Nov
24 Nov
24 Nov
26 Nov
29 Nov
30 Nov
01 Dec
20 Jan
28 Jan

Time
0944 - 1050
0415 - 0545
0819 - 0943
1301 - 1549
1340 - 1410
0000 - 0858
1035 - 1052
0742 - 0808
0914 - 1008
1326 - 1442
1211 - 1231
1447 - 1550
1111 - 1134
1601 - 2222
0904 - 0921

Cause

System test
System test
System test
System test
System test
System test
System test
System test
System test
System test
System test
System test
System test
Hub failure
Hub failure

Table 2.2.1. The main interruptions in recording of ARCES data at NDPC 1 October

1999- 31 March 2000.

Monthly uptimes for the ARCESS on-line data recording task, taking into account all factors
(field installations, transmission lines, data center operation) affecting this task were as fol-

lows:

J. Torstveit

October 99
November
December
January 00
February
March

99.35%
97.47%
99.83%
98.92%
99.49%
98.35%
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Event Detection Operation

ARCES detections

The number of detections (phases) reported during day 274, 1999, through day 092, 2000, was
136,824, giving an average of 748 detections per processed day (183 days processed).

Events automatically located by ARCES

During days 274, 1999, through 092, 2000, 7916 local and regional events were located by
ARCES, based on automatic association of P- and S-type arrivals. This gives an average of
43.0 events per processed day (184 days processed). 53% of these events are within 300 km,
and 81% of these events are within 1000 km.

U. Baadshaug
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2.3 AS72 — Auxiliary Seismic Station Spitsbergen

The average recording time was 95.50% as compared to 97.53% for the previous reporting

period.

Table 2.3.1 lists the reasons for and time periods of the main downtimes in the reporting period.

Date
04 OCT
04 OCT
11 OCT
15 OCT

25 OCT
25 OCT
25 OCT
25 OCT
25 OCT
25 OCT
25 OCT
25 OCT
25 OCT
25 OCT
26 OCT
26 OCT
26 OCT
26 OCT
26 OCT
03 NOV
03 NOV
03 NOV
03 NOV
03 NOV
03 NOV
03 NOV
03 NOV
03 NOV
03 NOV
03 NOV

Time
2200-2254
2318-2349
1404-1420
1042-1508

1041-1140
1230-1243
1323-1340
1503-1521
1618-1634
1728-1745
1823-1839
1928-1946
2107-2120
2306-2320
0112-0124
0207-0221
0323-0338
0442-0455
0545-0558

- 0955-1010

1045-1100
1151-1203
1218-1234
1251-1304
1326-1338
1428-1445
1555-1608
1724-1739
1918-1933
1958-2013

Cause
Communication failure
Communication failure

Communication failure

Communication failure, most

data lost

Communication failure
Communication failure
Communication failure
Communication failure
Communication failure
Communication failure
Communication failure
Communication failure
Communication failure
Communication failure
Communication failure
Communication failure
Communication failure
Communication failure
Communication failure
Communication failure
Communication failure
Communication failure
Communication failure
Communication failure
Communication failure
Communication failure
Communication failure
Communication failure
Communication failure
Communication failure

13
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Date
03 NOV
03 NOV
03 NOV
03 NOV
04 NOV
04 NOV
04 NOV
04 NOV
04 NOV
04 NOV
05 NOV
05 NOV
05 NOV
05 NOV
05 NOV
05 NOV
05 NOV
05 NOV
05 NOV
05 NOV
05 NOV
05 NOV
06 NOV
06 NOV
06 NOV
06 NOV
06 NOV
06 NOV
06 NOV
06 NOV
06 NOV
06 NOV
06 NOV
06 NOV
06 NOV

Time
2032-2043
2132-2144
2227-2240
2350-0004
0033-0048
0206-0218
0345-0358
0444-0506
2213-2229
2317-2330
0013-0030
0348-0404
0623-0638
0724-0738
1010-1025
1213-1229
1339-1352
1554-1610
1714-1730
1843-1901
2009-2025
2253-2308
0003-0019
0157-0209
0306-0319
0419-0433
0458-0513
0521-0541
0553-0608
0633-0648
0729-0745
0835-0849
0920-0933
1022-1040
1148-1204

Cause

Communication failure
Communication failure
Communication failure
Communication failure
Communication failure
Communication failure
Communication failure
Communication failure
Communication failure
Communication failure
Communication failure
Communication failure
Communication failure
Communication failure
Communication failure
Communication failure
Communication failure
Communication failure
Communication failure
Communication failure
Communication failure
Communication failure
Communication failure
Communication failure
Communication failure
Communication failure
Communication failure
Communication failure
Communication failure
Communication failure
Communication failure
Communication failure
Communication failure
Communication failure

Communication failure
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Date
06 NOV
08 NOV
08 NOV
12 NOV
14 NOV
15 NOV
15 NOV
16 NOV
16 NOV
17 NOV
18 NOV
19 NOV
20 NOV
21 NOV
04 DEC
16 DEC
23 DEC
23 DEC
24 DEC
28 DEC
19 JAN
22 JAN
07 FEB

08 FEB

Time
1447-1501
1203-1244
1303-1318
1326-1608
1709-

-0215
0734-0749
0917-0950
1008-1023
1224-1310
1243-

-1128
1507-1816
1729-2052
0501-0853
0237-0700
0802-0825
1001-1019
1512-2341
1024-1048
1118-

-1119
0346-

-1549

Cause

Communication failure
Communication failure
Communication failure
Communication failure
Communication failure
Communication failure
Communication failure
Communication failure
Communication failure
Communication failure
Communication failure
Communication failure
Communication failure
Communication failure
Communication failure
Communication failure
Communication failure
Communication failure
Communication failure
Communication failure

Y2k problem with NORAC

Power failure array, windmill

broken

Table 2.3.1. The main interruptions in recording of Spitsbergen data at NDPC, 1 October
1999 - 31 March 2000.
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Monthly uptimes for the Spitsbergen on-line data recording task, taking into account all factors
(field installations, transmissions line, data center operation) affecting this task were as fol-

lows:

J. Torstveit

October 99
November
December
January 00
February
March

98.67%
92.01%
97.56%
90.12%
94.82%
99.82%

16
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Fig. 2.3.1. The figure shows the uptime for the data recording task, or equivalently, the availability
of Spitsbergen data in our tape archive, on a day-by-day basis, for the reporting period. (Page
1 of 2, Oct-Dec 1999).
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Fig. 2.3.1 (cont.) (Page 2 of 2, Jan-Mar 2000).
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Event Detection Operation

Spitsbergen array detections

The number of detections (phases) reported from day 274, 1999, through day 092, 2000, was
172,051, giving an average of 951 detections per processed day (181 days processed).

Events automatically located by the Spitsbergen array

During days 274, 1999, through 092, 2000, 17,538 local and regional events were located by
the Spitsbergen array, based on automatic association of P- and S-type arrivals. This gives an
average of 96.4 events per processed day (182 days processed). 72% of these events are within
300 km, and 87% of these events are within 1000 km.

U. Baadshaug
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2.4  AS73 — Auxiliary Seismic Station Jan Mayen

The IMS auxiliary seismic network will include a three-component station at the Norwegian
island of Jan Mayen. The station location given in the protocol to the Comprehensive Nuclear
Test-Ban Treaty is 70.9°N, 8.7°W.

The University of Bergen has operated a seismic station at this location since 1970. An invest-
ment in the new station at Jan Mayen will be made in due course and in accordance with Prep-
Com budget decisions. In the meanwhile, NORSAR has, in cooperation with the University of
Bergen, been looking into technical possibilities of transmitting data from the existing station
at Jan Mayen. A VSAT link for this purpose was installed in April 2000, and data from the
existing seismic station at Jan Mayen are now transmitted to the NDC at Kjeller and to the Uni-
versity of Bergen.

S. Mykkeltveit

2.5 IS37 — Infrasound Station at Karasjok

The IMS infrasound network will include a station at Karasjok in northern Norway. The coor-
dinates given for this station are 69.5°N, 25.5°E. These coordinates coincide with those of the
primary seismic station PS28.

A site survey for this station was carried out during June/July 1998 as a cooperative effort
between the Provisional Technical Secretariat of the CTBTO and NORSAR. Analysis of the
data collected at several potential locations for this station in and around Karasjok has been
completed. The results of this analysis have lead to a recommendation on the exact location of
the infrasound station. Planning work for installation at this site has commenced, and will
result in an application to the relevant local authorities to obtain the permissions required in
this regard. We expect station installation to take place in the year 2001.

S. Mykkeltveit

2.6 RN49 — Radionuclide Station on Spitsbergen

The IMS radionuclide network will include a station at Longyearbyen on the island of Spitsber-
gen, at location 78.2°N, 16.4°E. These coordinates coincide with those of the auxiliary seismic
station AS72. According to PrepCom decision, this station will also be among those IMS
radionuclide stations that will have a capability of monitoring for the presence of relevant noble
gases upon entry into force of the CTBT.

A site survey for this station was carried out in August of 1999 by NORSAR, in cooperation
with the Norwegian Radiation Protection Authority. The site survey report to the PTS contains
a recommendation to establish this station at Plataberget, some 20 km away from the Treaty
location. The PrepCom approved the corresponding coordinate change in its meeting in May
2000. The station installation is part of PrepCom’s work program for the year 2000.

S. MykKkeltveit
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3 Operation of Regional Seismic Arrays

3.1 NORES
Average recording time was 98.67 as compared to 99.33 for the previous period.

Table 3.1.1 lists the reasons for and times of the main outages in the reporting period.

Date Time Cause
14 Oct 1439 - 1640 Power break NDPC
16 Feb 1114 - Upgrading field installations
17 Feb - 1503
24 Feb 0635 - Upgrading field installations
25 Feb - 1120

Table 3.1.1. The main interruptions in recording of NORES data at the NDC 1 October
1999 - 31 March 2000.

Monthly uptimes for the NORES on-line data recording task, taking into account all factors
(field installations, transmissions line, data center operation) affecting this task were as follows

October 99 : 99.68%
November : 99.99%
December : 99.99%
January 00 : 99.91%
February : 91.85%
March : 100.00%
J. Torstveit
21
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Fig. 3.1.1. The figure shows the uptime for the data recording task, or equivalently, the availability
of NORES data in our tape archive, on a day-by-day basis, for the reporting period (Page 1 of
2, Oct-Dec 1999).
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Fig. 3.1.1 (cont.) (Page 2 of 2, Jan-Mar 2000).
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NORES Event Detection Operation

NORES detections

The number of detections (phases) reported from day 274, 1999, through day 092, 2000, was
79,645, giving an average of 435 detections per processed day (183 days processed).

Events automatically located by NORES

During days 274, 1999, through 092, 2000, 2591 local and regional events were located by
NORES, based on automatic association of P- and S-type arrivals. This gives an average of
14.1 events per processed day (184 days processed). 59% of these events are within 300 km,
and 84% of these events are within 1000 km.

U. Baadshaug
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3.2 Hagfors (IMS Station AS101)

The average recording time was 97.02% as compared to 99.99% for the previous reporting

period.

Table 3.2.1 lists the reasons for and times of the main outages in the reporting period.

Date
28 Oct
17 Nov
19 Nov
16 Dec
21 Dec
22 Dec
23 Dec
27 Dec

Time
0900 - 0930
2036 -

- 0944
2105 -

- 1059
1923 -

- 0833
0953 - 1114

Cause
Hardware maintenance NDPC
Upgrading hard- and software at
NDPC and field
Problems at field installations

Problems at field installations

Problems at field installations

Table 3.2.1. The main interruptions in Hagfors recordings at the NDC, 1 October 1999 -
31 March 2000.

Monthly uptimes for the Hagfors on-line data recording task, taking into account all factors
(field installations, transmissions line, data center operation) affecting this task were as

follows:

J. Torstveit

October 99
November
December
January 00
August
September

99.93%
94.84%
87.36%
100.00%
100.00%
100.00%
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Fig. 3.2.1. The figure shows the uptime for the data recording task, or equivalently, the availability
of Hagfors data in our tape archive, on a day-by-day basis, for the reporting period (Page 1
of 2, Oct-Dec 1999).
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Fig. 3.2.1 (cont.) (Page 2 of 2, Jan-Mar 2000).
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Hagfors Event Detection Operation

Hagfors array detections

The number of detections (phases) reported from day 274, 1999, through day 092, 2000, was
109,532, giving an average of 605 detections per processed day (181 days processed).

Events automatically located by the Hagfors array

During days 274, 1999, through 092, 2000, 2511 local and regional events were located by the
Hagfors array, based on automatic association of P- and S-type arrivals. This gives an average
of 14.3 events per processed day (175 days processed). 57% of these events are within 300 km,
and 83% of these events are within 1000 km.

U. Baadshaug
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33 FINES

The average recording time was 93.67% as compared to 73.78% for the previous reporting

period.

Table 3.3.1 lists the reasons for and times of the main outages during the reporting period.

Date
07 Oct
08 Oct
30 Oct
31 Oct
31 Oct
31 Oct
08 Dec
06 Jan
07 Jan
12 Jan
13 Jan
13 Jan
14 Jan
14 Jan
29 Jan
30 Jan
05 Feb
07 Feb
07 Feb
08 Feb
10 Feb
11 Feb
14 Feb
14 Feb
17 Feb
18 Feb
21 Feb
24 Feb
24 Feb
26 Feb

Time
2355-
-0053
0940-2017
0706-0743
0845-1015
1135-1248
0901-1538
1152-1416
1017-
1115
1624-1641
1828-
-0857
1057-1218
2010-
-0939
0130-0847
0304-0606
1028-1158
0510-0530
1014-1107
1805-1848
0737-0758
1410-1442
2219-2245
0026-0611
0053-0749
0906-1023
1119-1349
2208-2339

Cause
Problems in Helsinki

Problems in Helsinki

Problems in Helsinki
Problems in Helsinki

Problems in Helsinki
Upgrading UPS in Helsinki
Problems with SIM in Helsinki
Problems with UPS in Helsinki

Problems in Helsinki
Problems in Helsinki

Problems in Helsinki
Problems in Helsinki

Problems with SIM in Helsinki
Problems with SIM in Helsinki
Problems with SIM in Helsinki
Problems in Helsinki

Problems in Helsinki

Problems in Helsinki

Problems in Helsinki

Problems in Helsinki

Problems in Helsinki

Problems in Helsinki

Problems in Helsinki

Software upgrade in Helsinki
Software upgrade in Helsinki
Problems in Helsinki
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Date Time Cause
23 Mar  0721- Firewall problems in Helsinki
26 Mar -0705  Firewall problems in Helsinki

Table 3.3.1. The main interruptions in FINES recordings at the NDC, 1 October 1999 -
31 March 2000.

Monthly uptimes for the FINES on-line data recording task, taking into account all factors
(field installations, transmissions line, data center operation) affecting this task were as fol-
lows:

October 99 : 97.99%
November : 100.00%
December : 99.11%
January 00 : 79.42%
February : 95.14%
March : 90.33%
J. Torstveit
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\
Fig. 3.3.1. The figure shows the uptime for the data recording task, or equivalently, the availability
| of FINES data in our tape archive, on a day-by-day basis, for the reporting period (Page 1 of
2, Oct-Dec 1999).
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Fig. 3.3.1 (cont.) (Page 2 of 2, Jan-Mar 2000)
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FINES Event Detection Operation

FINES detections

The number of detections (phases) reported during day 2874, 1999, through day 092, 2000,
was 42,002, giving an average of 237 detections per processed day (177 days processed).

Events automatically located by FINES

During days 274, 1999, through 092, 2000, 3603 local and regional events were located by
FINESS, based on automatic association of P- and S-type arrivals. This gives an average of
20.4 events per processed day (177 days processed). 77% of these events are within 300 km,
and 89% of these events are within 1000 km.

U. Baadshaug
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3.4 Apatity

The average recording time was 96.14% in the reporting period compared to 99.01% during the

previous period.

Table3.4.1liststhereasons forandtimes of themain outages duringthereporting period.

Date
08 Oct
29 Oct
01 Nov
01 Nov
10 Nov
10 Nov
12 Nov
11 Dec
13 Dec
13 Dec
13 Dec
03 Jan
03 Jan
04 Jan
17 Jan
19 Jan
24 Jan
25 Jan
25 Jan
26 Jan
26 Jan
26 Jan
26 Jan
26 Jan
27 Jan
27 Jan
27 Jan
28 Jan
28 Jan
30 Jan
31 Jan

Time
1127-1149
1507-1539
0636-0658
1041-1258
0723-0853
1141-1231
0704-0909
0602-0919
0919-1111
1257-1449
1547-1557
0404-0432
0841-

-0655
1005-1151
1249-1654
1304-

-0721
0820-

-0649
1000-1045
1125-1152
1224-1308
1613-

-0907
1021-1059
1349-1405
1936-1956
2016-

-1256
1312-

Cause

Stop in Apatity

Stop in Apatity

Stop in Apatity

Stop in Apatity

Stop in Apatity

Stop in Apatity

Stop in Apatity

Stop in Apatity

Upgrading hardware in Apatity
Upgrading hardware in Apatity
Upgrading hardware in Apatity
Hardware problems in Apatity
Hardware problems in Apatity

Hardware problems in Apatity
Hardware problems in Apatity
Hardware problems in Apatity

Hardware problems in Apatity

Hardware problems in Apatity
Hardware problems in Apatity
Hardware problems in Apatity
Hardware problems in Apatity

Hardware problems in Apatity
Hardware problems in Apatity
Hardware problems in Apatity
Hardware problems in Apatity

Hardware problems in Apatity
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Date
01 Feb
13 Feb

21 Mar
23 Mar

Time
-1345
1405-1420
1001-1026
1000-1030

Cause

Hardware problems in Apatity
Stop in Apatity

Stop in Apatity

Stop in Apatity

Table 3.4.1. The main interruptions in Apatity recordings at the NDC, 1 October 1999 -
31 March 2000.

Monthly uptimes for the Apatity on-line data recording task, taking into account all factors
(field installations, transmissions line, data center operation) affecting this task were as fol-

lows:

J. Torstveit

October 99
November
December
January 00
February
March

99.86%
99.02%
98.99%
81.09%
97.99%
99.88%
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Fig. 3.4.1. The figure shows the uptime for the data recording task, or equivalently, the availability

of Apatity data in our tape archive, on a day-by-day basis, for the reporting period (Page 1 of
2, Oct-Dec 1999).
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Fig. 3.4.1 (cont.) (Page 2 of 2, Jan-Mar 2000)
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Apatity Event Detection Operation

Apatity array detections

The number of detections (phases) reported from day 274, 1999, through day 092, 2000, was
134,352, giving an average of 738 detections per processed day (182 days processed).

As described in earlier reports, the data from the Apatity array are transferred by one-way (sim-
plex) radio links to Apatity city. The transmission suffers from radio disturbances that occa-
sionally result in a large number of small data gaps and spikes in the data. In order for the
communication protocol to correct such errors by requesting retransmission of data, a two-way
radio link would be needed (duplex radio). However, it should be noted that noise from cultural
activities and from the nearby lakes cause most of the unwanted detections. These unwanted
detections are “filtered” in the signal processing, as they give seismic velocities that are outside
accepted limits for regional and teleseismic phase velocities.

Events automatically located by the Apatity array

During days 274, 1999, through 092, 2000, 1793 local and regional events were located by the
Apatity array, based on automatic association of P- and S-type arrivals. This gives an average

of 9.8 events per processed day (183 days processed). 45% of these events are within 300 km,
and 78% of these events are within 1000 km.

U. Baadshaug
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3.5 Regional Monitoring System Operation and Analysis

The Regional Monitoring System (RMS) was installed at NORSAR in December 1989 and
was operated at NORSAR from 1 January 1990 for automatic processing of data from ARCES
and NORES. A second version of RMS that accepts data from an arbitrary number of arrays
and single 3-component stations was installed at NORSAR in October 1991, and regular oper-
ation of the system comprising analysis of data from the 4 arrays ARCES, NORES, FINES and
GERES started on 15 October 1991. As opposed to the first version of RMS, the one in current
operation also has the capability of locating events at teleseismic distance. '

Data from the Apatity array were included on 14 December 1992, and from the Spitsbergen
array on 12 January 1994. Detections from the Hagfors array were available to the analysts and
could be added manually during analysis from 6 December 1994. After 2 February 1995, Hag-
fors detections were also used in the automatic phase association.

Since 24 April 1999, RMS has processed data from all the seven regional arrays ARCES,
NORES, FINES, GERES (until January 2000), Apatity, Spitsbergen, and Hagfors. Starting
19 September 1999, waveforms and detections from the NORSAR array have also been avail-
able to the analyst.

Phase and event statistics

Table 3.5.1 gives a summary of phase detections and events declared by RMS. From top to bot-
tom the table gives the total number of detections by the RMS, the number of detections that
are associated with events automatically declared by the RMS, the number of detections that
are not associated with any events, the number of events automatically declared by the RMS,
the total number of events defined by the analyst, and finally the number of events accepted by
the analyst without any changes (i.e., from the set of events automatically declared by the
RMS).

New criteria for interactive event analysis were introduced from 1 January 1994. Since that
date, only regional events in areas of special interest (e.g, Spitsbergen, since it is necessary to
acquire new knowledge in this region) or other significant events (e.g, felt earthquakes and
large industrial explosions) were thoroughly analyzed. Teleseismic events of special interest
are also analyzed.

To further reduce the workload on the analysts and to focus on regional events in preparation
for Gamma-data submission during GSETT-3, a new processing scheme was introduced on 2
February 1995. The GBF (Generalized Beamforming) program is used as a pre-processor to
RMS, and only phases associated to selected events in northern Europe are considered in the
automatic RMS phase association. All detections, however, are still available to the analysts
and can be added manually during analysis.
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Oct99 | Nov99 | Dec99 | Jan 00 | Feb 00 | Mar 00 | Total

Phase detections 137033 | 106796 | 144545 98243 | 96545| 113002 | 696164

- Associated phases 4009 ( 5315 5805| 3068| 3700| 4126| 26023

- Unassociated phases | 133024 | 101481 | 138740 | 95175 92845| 108876 | 670141
Events automatically 736 953 1222 574 616 698 | 4799
declared by RMS
No. of events defined 88 124 76 65 72 81 506
by the analyst

Table 3.5.1. RMS phase detections and event summary.

U. Baadshaug
B. Paulsen
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4 NDC and Field Activities

4.1 NDC Activitities

NORSAR will function as the Norwegian National Data Center (NDC) for treaty verification.
Six monitoring stations, comprising altogether 119 field instruments, will be located on Nor-
wegian territory as part of the future IMS as described elsewhere in this report. The four seis-
mic IMS stations are all in operation today, with three of them contributing data to GSETT-3.
The infrasound station in northern Norway and the radionuclide station at Spitsbergen will
need to be established within the next few years. Data recorded by the Norwegian stations will
be transmitted in real time to the Norwegian NDC, and provided to the IDC through the Global
Communications Infrastructure (GCI). Norway is now connected to the GCI with a frame relay
link to Vienna.

Operating the Norwegian IMS stations will require increased resources and additional person-
nel both at the NDC and in the field. It will require establishing new and strictly defined proce-
dures as well as increased emphasis on regularity of data recording and timely data
transmission to the IDC in Vienna. Anticipating these requirements, a new organizational unit
has been established at NORSAR to form a core group for the future Norwegian NDC for
treaty monitoring. The NDC will carry out all the technical tasks required in support of Nor-
way’s treaty obligations. NORSAR will also carry out assessments of events of special interest,
and advise the Norwegian authorities in technical matters relating to treaty compliance.

Verification functions

After the CTBT enters into force, the IDC will provide data for a large number of events each
day, but will not assess whether any of them are likely to be nuclear explosions. Such assess-
ments will be the task of the States Parties, and it is important to develop the necessary national
expertise in the participating countries.

Monitoring the Arctic region

Norway will have monitoring stations of key importance for covering the Arctic, including
Novaya Zemlya, and Norwegian experts have a unique competence in assessing events in this
region. On several occasions in the past, seismic events near Novaya Zemlya have caused polit-
ical concern, and NORSAR specialists have contributed to clarifying these issues.

Information received from IDC

The IDC will provide regular bulletins of detected events as well as numerous other products,
but will not assess the nature of each individual event. An important task for the Norwegian
NDC will be to make independent assessments of events of particular interest to Norway, and
to communicate the results of these analyses to the Norwegian Ministry of Foreign Affairs.

International cooperation

After entry into force of the treaty, a number of countries are expected to establish national
expertise to contribute to the treaty verification on a global basis. Norwegian experts have been
in contact with experts from several countries with the aim to establish bilateral or multilateral
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cooperation in this field. One interesting possibility for the future is to establish NORSAR as a
regional center for European cooperation in the CTBT verification activities.

NORSAR event processing

The automatic routine processing of NORSAR events as described in NORSAR Sci. Rep. No.
2-93/94, has been running satisfactorily. The analyst tools for reviewing and updating the solu-
tions have been continuously modified to simplify operations and improve results. NORSAR is
currently applying teleseismic detection and event processing using the large-aperture NOR-
SAR array as well as regional monitoring using the network of small-aperture arrays in Fenno-
scandia and adjacent areas.

Y2K

NORSAR made extensive preparations to ensure that all systems at the NDC and in the field
were Y2K compliant, and all systems passed the millenium changeover without major
problems.

Technical Training Program

The Norwegian NDC organized the second international training program for seismic station
operators at NORSAR in the fall of 1999, with participation from 13 countries in all areas of
the world. The course contents included functions at the NDC as well as field maintenance pro-
cedures, with emphasis on hands-on demonstrations. The program was carried out very suc-
cessfully, and may be followed by additional such training courses in the future.

Certification of PS27

IMS station PS27-NOA is currently being considered by the PTS for formal certification. PTS

personnel visited the station in June 1998, and carried out a detailed technical evaluation. As a

result of this inspection and subsequent discussions between NORSAR and the PTS, and fol-

lowing further discussions of the certification requirements during Working Group B meetings,

it is now concluded that PS27 needs the following enhancements:

* A tamper detector to be emplaced at every seismometer and at the subarray central vaults

* A centralized authentication process in each subarray as well as at the central array record-
ing facility

* Establishment of a GCI connection at the central array facility

* Addition of a 3-component seismometer in order to satisfy the technical requirements for
short-period 3-component recording.

These enhancements are now being implemented.

Establishing an independent subnetwork

Norway has elected to use the option for an independent subnetwork, which will connect with
all the IMS stations operated by NORSAR with an interface to the GCI. A contract has been
concluded and VSAT antennas have been installed at each station in the network.
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The Norwegian NDC has been cooperating with several institutions in other countries for
transmission of IMS data to the Prototype IDC during GSETT-3. During the reporting period,
several changes were made to these arrangements. Details on this can be found in Section 4.2.

Upgrade of PS28

IMS station PS28-ARCES was selected by the PrepCom for hardware upgrade in 1999, and
this effort has been concluded. All the digitizers and data acquisition equipment have been
replaced. Data from the upgraded array are now being transmitted from the NDC to PIDC, IDC
and US_NDC. Iis is expected that PS28 will now undergo a testing and evaluation phase, lead-
ing up to certification of this station, perhaps by the end of 2000.

Jan Fyen

4.2  Status Report: Norway’s Participation in GSETT-3

Introduction

This contribution is a report for the period October 1999 - March 2000 on activities associated
with Norway’s participation in the GSETT-3 experiment, which is now being coordinated by
PrepCom’s Working Group B. This report represents an update of contributions that can be
found in previous editions of NORSAR’s Semiannual Technical Summary.

Norwegian GSETT-3 stations and communications arrangements

During the reporting interval 1 October 1999 - 31 March 2000, Norway has provided data to
the GSETT-3 experiment from the three seismic stations shown in Fig. 4.2.1. The NORSAR
array (station code NOA) is a 60 km aperture teleseismic array, comprised of 7 subarrays, each
containing six vertical short period sensors and a three-component broadband instrument.
ARCES is a 25-element regional array with an aperture of 3 km, whereas the Spitsbergen array
(station code SPITS) has 9 elements within a 1-km aperture. ARCES and SPITS both have a
broadband three-component seismometer at the array center.

Data from these three stations are transmitted continuously and in real time to NOR_NDC.
During the reporting period, some components of the new so-called independent subnetwork
for transmission of data from Norwegian IMS stations to NOR_NDC were installed and put
into operation. Transmission from these stations to the NOR_NDC has thus been achieved by a
mixture of these new lines and previously existing ones, in the following way:

e The NOA data have been transmitted using dedicated land lines as before, but new VSAT
satellite links, based on TDMA technology, have been installed and used in a test mode in
parallel with the land lines. When transmission via the new VSAT links from the various
subarrays of NOA has been verified with respect to the appropriate technical requirements,
the land lines will be discontinued.

e The ARCES data have been transmitted since late September 1999 from the ARCES site to
NOR_NDC using a new 64 kbits/s satellite link, based on BOD technology.

e The SPITS data are still transmitted to NOR_NDC using the same arrangements that have
existed for several years (terrestrial line to Isfjord Radio at the west coast of Spitsbergen,
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and a VSAT satellite link from there to NOR_NDC). A modification to this system is
expected during the summer of 2000.

The NOA and ARCES arrays are primary stations in the GSETT-3 network, which implies that
data from these stations are transmitted continuously to the receiving international data center.
Since October 1999, these data have been transmitted (from NOR_NDC) via the Global Com-
munications Infrastructure (GCI) to the IDC in Vienna, whereas transmission of the same data
to the PIDC was discontinued on 7 February 2000. The SPITS array is an auxiliary station in
GSETT-3, and the SPITS data have been available to both the IDC and the PIDC throughout
the reporting period on a request basis via use of the AutoDRM protocol (Kradolfer, 1993; Kra-
dolfer, 1996). The Norwegian stations are thus participating in GSETT-3 with the same status
(primary/auxiliary seismic stations) they have in the International Monitoring System (IMS)
defined in the protocol to the Comprehensive Nuclear-Test-Ban Treaty. In addition, continuous
data from all three arrays are being transmitted to the US NDC.

Uptimes and data availability

Figs. 4.2.2 - 4.2.3 show the monthly uptimes for the Norwegian GSETT-3 primary stations
ARCES and NOA, respectively, for the period 1 October 1999 - 31 March 2000, given as the
hatched (taller) bars in these figures. These barplots reflect the percentage of the waveform data
that are available in the NOR_NDC tape archives for these two arrays. The downtimes inferred
from these figures thus represent the cumulative effect of field equipment outages, station site
to NOR_NDC communication outage, and NOR_NDC data acquisition outages.

Figs. 4.2.2-4.2.3 also give the data availability for these two stations as reported by the PIDC in
the PIDC Station Status reports. The main reason for the discrepancies between the
NOR_NDC and PIDC data availabilities as observed from these figures is the difference in the
ways the two data centers report data availability for arrays: Whereas NOR_NDC reports an
array station to be up and available if at least one channel produces useful data, the PIDC uses
weights where the reported availability (capability) is based on the number of actually operat-
ing channels. On 7 February 2000, NOR_NDC stopped sending ARCES and NOA data
directly to the PIDC.

Experience with the AutoDRM protocol

NOR_NDC’s AutoDRM has been operational since November 1995 (Mykkeltveit & Baads-
haug, 1996).

The PIDC started actively and routinely using NOR_NDC’s AutoDRM service after SPITS
changed its station status from primary to auxiliary on 1 October 1996. For the month of Octo-
ber 1996, the NOR_NDC AutoDRM responded to 12338 requests for SPITS waveforms from
two different accounts at the PIDC: 9555 response messages were sent to the “pipeline”
account and 2783 to “testbed”. Following this initial burst of activity, the number of “pipeline”
requests stabilized at a level between 5000 and 7000 per month. Requests from the “testbed”
account show large variations. More recently, the number of requests has decreased further.
“Pipeline” requests for the reporting period range between 700 and 1200 per month.

The monthly number of requests by PIDC for SPITS data for the period October 1999 - March
2000 is shown in Fig. 4.2 4.
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NDC automatic processing and data analysis

These tasks have proceeded in accordance with the descriptions given in MyKkkeltveit and
Baadshaug (1996). For the period October 1999 - March 2000, NOR_NDC derived informa-
tion on 489 supplementary events in northern Europe and submitted this information to the
Finnish NDC as the NOR_NDC contribution to the joint Nordic Supplementary (Gamma) Bul-
letin, which in turn is forwarded to the PIDC. These events are plotted in Fig. 4.2.5.

Data forwarding for GSETT-3 stations in other countries

NOR_NDC continued to forward data to the PIDC from GSETT-3 primary stations in several
countries until 31 December 1999. These included FINESS (Finland), GERESS (Germany)
and Sonseca (Spain). From 1 January 2000 data from these stations are sent directly to the IDC
in Vienna via new links of the GCI. We are continuing to provide communications for the
GSETT-3 auxiliary station at Nilore, Pakistan, through a VSAT satellite link between
NOR_NDC and Pakistan’s NDC in Nilore. The PIDC as well as the IDC obtain data from the
Hagfors array (HFS) in Sweden through requests to the AutoDRM server at NOR_NDC (in the
same way requests for Spitsbergen array data are handled, see above). Fig. 4.2.6 shows the
monthly number of requests for HFS data from the two PIDC accounts “pipeline” and “test-
bed”.

Current developments and future plans

NOR_NDC is continuing the efforts towards improvements and hardening of all critical data
acquisition and data forwarding hardware and software components, 0 as to meet future
requirements related to operation of IMS stations to the maximum extent possible.

The PrepCom has tasked its Working Group B with overseeing, coordinating, and evaluating
the GSETT-3 experiment. The PrepCom has also encouraged states that operate IMS-
designated stations to continue to do so on a voluntary basis and in the framework of the
GSETT-experiment until such time that the stations have been certified for formal inclusion in
IMS. In line with this, and provided that adequate funding is obtained, we envisage continuing
the provision of data from Norwegian IMS-designated stations without interruption to the IDC
in Vienna.

U. Baadshaug
S. MykKkeltveit
J. Fyen
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Fig. 4.2.1. The figure shows the locations and configurations of the three Norwegian seismic array
stations that have provided data to the GSETT-3 experiment during the period 1 October 1999
- 31 March 2000. The data from these stations are transmitted continuously and in real time to
the Norwegian NDC (NOR_NDC). The stations NOA and ARCES have participated in
GSETT-3 as primary stations, whereas SPITS has contributed as an auxiliary station.
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ARCES data availability at NDC and PIDC
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Fig. 4.2.2. The figure shows the monthly availability of ARCES array data for the period October
1999 - March 2000 at NOR_NDC and the PIDC. See the text for explanation of differences in
definition of the term “data availability” between the two centers. The higher values (hatched
bars) represent the NOR_NDC data availability.
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Fig. 4.2.3. The figure shows the monthly availability of NORSAR array data for the period October
1999 - March 2000 at NOR_NDC and the PIDC. See the text for explanation of differences in
definition of the term “data availability” between the two centers. The higher values ( hatched
bars) represent the NOR_NDC data availability.
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Fig. 4.2.4. The figure shows the monthly number of requests received by NOR_NDC from the PIDC
for SPITS waveform segments during October 1999 - March 2000.
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Reviewed Supplementary events

Fig. 4.2.5. The map shows the 489 events in and around Norway contributed by NOR_NDC during
October 1999 - March 2000 as supplementary (Gamma) events to the PIDC, as part of the
Nordic supplementary data compiled by the Finnish NDC. The map also shows the seismic
stations used in the data analysis to define these events.
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AutoDRM HFS requests received by NOR_NDC from pipeline and testbed
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Fig. 4.2.6. The figure shows the monthly number of requests received by NOR_NDC from the PIDC
for HFS waveform segments during October 1999 - March 2000.
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4.3 Field Activities

Activities in the field and at the Maintenance Center

This section summarizes the activities at the Maintenance Center (NMC) Hamar, and includes
activities related to monitoring and control of the NORSAR teleseismic array, as well as the
NORES, ARCES, FINES, Apatity, Spitsbergen, and Hagfors small-aperture arrays.

Activities also involve preventive and corrective maintenance, planning and activities related to
the refurbishment of the NORSAR teleseismic array.

Details for the reporting period are provided in Table 4.3.1 below.

P.W. Larsen
K.A. Lgken
Subarray/ Task Date
area
P " October1999 - SHENLY
NORSAR October
02C Installation of VSAT antenna system 11/10
01B Installation of VSAT antenna system 12/10
02B-03C | Installation of VSAT antenna system 13/10
03C-04C | Installation of VSAT antenna system 14/10
01A Installation of VSAT antenna system 15/10
01A-01B- | Adjustment of elevation and azimuth of the VSAT 19/10
02C antenna
02B-03C- | Adjustment of elevation and azimuth of the VSAT 20/10
04C antenna
02B-05 Preventive maintenance of vault, including installation | 22/10
of new lid
04C-01-00 | Replacement of GPS receiver 26/10
ARCES Testing of new GPS cards received from Nanometrics. 6-8/10
The new cards did not work, so the old cards had to be
put back in operation.
NMC Repair of defective electronic equipment October
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Subarray/ Task Date
area
- November 1999 - - ,
NORSAR November
02C-02 Installation of new software for the AIM-24 1/11
02C-05 Installation of new software for the AIM-24 2/11
04C-03 Installation of new software for the AIM-24 22/11
ARCES Installation of SUN workstation 25-26/11
NORES Repair of digitizer equipment at B3, C4 and C7 29/11
NMC Repair of defective electronic equipment. November
v .- December 1999
NORSAR December
01A Installation of SUN workstation 2/12
NORES Preventive maintenance of vaults at B3, C2, C3, D1, D2 | 2/12
and D7
NMC Repair of defective electronic equipment. Planning new | December
equipment for ARCES
January 2000
NORSAR January
03C Installation of SUN workstation 6/1
04C Installation of SUN workstation 6/1
01B Installation of SUN workstation 17/1
02B Installation of SUN workstation 17/1
02C Installation of SUN workstation 18/1
NMC Repair of defective electronic equipment. Planning new | January
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Subarray/ Task Date
area

| NORSAR February
01A-01B- | Adjustment of router for the VSAT system 1772
04C
06C Installation of SUN workstation 1772
SVAES Maintenance of the windmill 8-10/2
NMC Planning, acquisition and system integration of equip- February

ment for the upgrade of ARCES
_ March 2000

ARCES Installation of new GPS cards 21-24/3
NORES Repair of digitizer equipment at B3, C2, C3 and D9 1373

Table 4.3.1. Activities in the field and the NORSAR Maintenance Center during 1 October 1999 -
31 March 2000.
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6  Summary of Technical Reports / Papers Published

6.1 Seismic Event Location Calibration
Report from the IDC Technical Experts Meeting in Oslo, Norway 20-24 March 2000

6.1.1 Introduction

During the 1998 meetings of Working Group B of the CTBTO Preparatory Commission, the
International Data Centre (IDC) Expert Group identified the need for highly-focused work to
provide regionalized travel times to improve seismic location methods used in the IDC. The
Expert Group suggested that initial focus should be given to the following geographical
regions: North America, Eurasia, Northern Africa and Australia.

To assist with the developments of the IDC applications software relating to the location cali-
bration problem, an informal meeting of the IDC Technical Experts Group on Seismic Event
Location was held in Oslo, Norway on 20-24 March 2000. Sixty technical experts, coming
from fifteen signatory countries and the Provisional Technical Secretariat, participated in the
meeting. Dr. Frode Ringdal of Norway chaired the meeting.

6.1.2 Background and technical objectives

Working Group B has repeatedly encouraged States Signatories to support the location
improvement efforts by supplying relevant location calibration information for their own terri-
tories as well as for other regions where they have such information available. The following
types of calibration information were proposed in the document CTBT/WGB-6/CRP.26:

* Precise information on location, depth, and origin time of previous nuclear explosions or
large chemical explosions

* Similar information on other seismic events that have been located by regional networks
with sufficient precision.

* Data as appropriate on seismic travel-time models

* Any other information (e.g., geologic or tectonic maps) that would be useful

* Ground truth data from chemical explosions.

The IDC Technical Experts Group on Seismic Event Location has carried out considerable
work in supporting the overall calibration effort, including the compilation of data of the types
listed above. At its first meeting in January 1999, the Experts Group developed plans and rec-
ommendations for a global calibration program, and presented its report to Working Group B
in February 1999 (CTBT/WGB/TL-2/18).

The second meeting of the Experts Group (20-24 March 2000) had the following objectives:

* To review proposals for detailed station-specific regional corrections to be applied for IMS
stations in North America, Europe, North Africa, Asia and Australia

* To recommend a set of such corrections, including appropriate model errors, for incorpora-
tion into the Release 3 of the IDC software

* To develop a plan for future extensions and improvements of this regional correction data
base, to be incorporated into future IDC software releases

* Toreview progress in the general recommendations from the January 1999 meeting, and
make adjustments and updates to these recommendations as required.
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The primary task of the meeting was to assess the status and availability of such calibration
information for the regions being considered, and to plan for implementing regional location
calibration at the IDC, both for Release 3 of the IDC applications software and for implementa-
tion in the longer term.

6.1.3 Technical issues
Presentations during the meeting

A number of papers relating to the collection, application and validation of calibration informa-
tion were presented by participants. Models for regionalization on a global basis were pre-
sented and discussed. Specific presentations were made by several experts describing regional
velocity models and calibration data for the general geographic regions being considered ini-
tially for calibration in Release 3.

It was noted that for some regions, information was incomplete or lacking, and the use of
default “generic” velocity models for various tectonic regions was discussed in some detail.
Valuable new data on ground truth information for seismic events was presented, and will be
communicated to the IDC and the prototype IDC. Countries were encouraged to continue to
provide relevant calibration data for the purpose of developing accurate seismic travel-time
curves for various geographical regions.

Reports were presented on a number of modelling studies, some of which showed significant
improvement in location precision when applied to test sets of seismic events. For example,
one-dimensional regional Pn, Pg, Sn, and Lg travel time curves were shown to provide
improvements for the Baltic shield and the Barents region. Three-dimensional models were
introduced for North America and Western Russia and were found to provide considerable
improvements in location accuracy compared to standard (IASPEI-91) models.

Techniques for improved regional processing using sparse seismic networks as well as
improved azimuth determination for regional arrays were presented and discussed. The appli-
cation of special location techniques was also addressed.

Working Group Discussions

Three Working Groups, each focusing on specific regions of the world, were established to dis-
cuss technical issues in detail during the workshop:

Working Group 1: Northern Eurasia and East Asia
Working Group 2: Southwestern Asia and the African/Mediterranean area
Working Group 3: North and South America, Australia

The Working Groups were given a mandate with a list of specific questions addressing the fol-
lowing topics:

Topic 1: Implementing regional corrections for IDC Release 3
Topic 2: Collection of Regional Calibration Information
Topic 3: Application of Regional Calibration Information
Topic 4: Validation of Regional Calibration Information
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The results of the Working Groups were presented and discussed in a plenary session. These
discussions have provided the basis for the recommendations presented below.

6.14 Recommendations

General

The Experts Group considers it essential for the success of the calibration program that States
Signatories contribute actively toward this purpose, by supplying relevant location calibration
information for their own territories as well as for other regions where they have such informa-
tion available. The relevant location information is defined in CTBT/WGB-6/CRP.26.

The Experts Group recommends that the IDC make openly available to the scientists involved
in the location calibration effort all of the waveform data and associated IDC products that are
needed in order to successfully carry out the calibration program.

A continued full utilization of the resources of the prototype IDC will be essential for future
IDC development. The Experts Group recommends that the prototype IDC should act as a
resource facility for the international location calibration effort, thus compiling, organizing and
making openly available to the scientific community all relevant information on calibration
events, travel-time curves, geological/ geophysical information and other ground truth data.
The responsibility for these calibration data and the associated processing software will over

the next several years be transferred from the prototype IDC to the IDC on a stage-by-stage
basis.

The Experts Group commends the IDC for preparations taken to begin an external calibration
program. The Group recommends that this program give high priority to facilitating collection
and validation of ground truth and waveform data.

The Experts Group considers that Confidence-Building Measures, especially chemical calibra-
tion explosions, are important to regional calibration, and encourage States Signatories to carry
out additional such explosions or to take advantage of such explosions conducted for other pur-
poses. The Group recognizes the valuable experience obtained from the recent chemical cali-
bration explosions in Kazakhstan and Israel. The Experts Group recommends that the PTS
solicit from States Signatories waveform data recorded on national seismic stations of such cal-
ibration explosions.

Site survey data collected by the PTS should be made openly available to States Signatories.
Consideration should be given by the PTS to using GPS to check the location of relevant surro-
gate stations, such as nearby station during certification of IMS installations. The IDC and pro-
totype IDC should provide a mechanism for archival and distribution of historical non-IMS
data to promote calibration. The PTS should place a priority on connecting auxiliary seismic
stations to the GCI for purposes of collecting calibration data as soon as possible.

Topic 1: Implementing regional corrections for IDC Release 3

For Region 1 (Northern Eurasia and East Asia) there will not be additional source-specific sta-
tion corrections (SSSCs) beyond the Fennoscandian SSSCs already implemented in Release 2.

58




NORSAR Sci. Rep. 2-1999/2000 May 2000

There is a reasonable chance that SSSCs will be available, possibly for most of Eastern Asia,
by Release 4. Complete validation of corrections by this time will be more problematic.

For Region 2 (Southwestern Asia and the African/Mediterranean area) no travel time calibra-
tions will be available for the Release 3 delivery in 2000. Delivery of a preliminary set of lim-
ited regional travel time corrections (surface source only with conservative modeling errors)
may be available late in 2001 suitable for incorporation into Release 4 delivery, Refined and
extended calibrations will be available in 2003.

For Region 3 (North and South America, Australia) there have been some recent developments.
SSSCs for all IMS stations in Canada and the USA were implemented at the prototype IDC in
February 2000, and will thus be available for IDC Release 3 delivery. The work on SSSCs
derived from a 3-D model for this region is now considered to be sufficiently advanced that it
should be possible to document the methods and data used to generate the corrections, and val-
idate them, by November 2000.

Topic 2: Collection of Regional Calibration Information

Regional review

Region 1 (Northern Eurasia and East Asia): A large amount of Ground Truth data exists for this
region, e.g., Soviet PNEs, but most of the IMS stations were not installed at that time. This
means that the use of surrogate stations will be required. Many regional travel-time curves,
models, and geological/geophysical surveys also exist, but are not always easily available. It
would be desirable to make an effort to obtain this type of data. The recent calibration explo-
sions in Kazakhstan are excellent examples of the type of calibration events that will be the
most useful for future developments.

Region 2 (Southwestern Asia and the African/Mediterranean area): Most of the information
available for this region is from geological/geophysical surveys and regional travel-time mod-
els. Local travel time tables (and curves) as well as crustal and upper mantle velocity models
are readily available for Egypt, Turkey, Isracl, Romania, East Africa, and several other coun-
tries in the region. As with Region 1, much additional information exists, but is difficult to
access. The amount of Ground Truth information is limited, but a notable recent development
is the Dead Sea calibration explosion of November 1999.

Region 3 (North and South America, Australia): Considerable calibration information is avail-
able, but geographical coverage is poor, particularly for the eastern U.S., Canada, Alaska, Mex-
ico, Central and South America. Additional events, preferably of GT5 or better and magnitude
>3.5, should be identified. The current Ground Truth Database for this and other regions should
be reviewed and revised where necessary.

General comments:

Every effort should be made to support “target of opportunity” experiments, particularly in
areas such as South America which currently lacks detailed regional travel time curves. Special
consideration should be given to large well-designed mine blast experiments, such as contained
single blasts, that would provide unique source phenomenology information.
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Existing facilities (stations and arrays) with enhanced capabilities (such as long-period arrays)
should be maintained as part of the IMS seismic system.

The term "Calibration Event Bulletin” is misleading, and should be changed to Reference
Event Database (REDB). The number of events available for the Reference Event Database
since 1994 is small, and it should be possible to analyze most of them comprehensively, given
participation by the States concerned. Efforts should be made to expand both the Reference
Event Database and the Ground Truth Database. This information, including associated wave-
form data, should be made available from the IDC and the prototype IDC in an unrestricted
manner, through Web pages, AutoDRM, ftp, and direct electronic access to the relational data-
bases.

Possibilities for improving the Ground Truth database include good (internal to the network)
local network solutions, calibration shots, mining and construction explosions. The most useful
data would be Ground Truth information for events in REB. It may be desirable to consider
some form of funding for collecting Ground Truth information on seismic events and deliver-
ing it to the IDC.

Topic 3: Application of Regional Calibration Information

Use of historic data

Historic data may be used to derive models, including travel time curves. It may be possible to
perform Joint Hypocentral Determination analysis on old data and stations and apply derived
corrections to new IMS stations. Care is needed in questions of timing, station location, and
instrument changes for old stations; the network operators should be contacted if possible.
Instrument response changes can affect phase arrival time picks; if repeated events are avail-
able they can be used to check consistency. Careful checking for outlier data should be made.

The historic database should be exploited to identify and validate GT5 events and GTS5 clusters.
In cases where IMS stations are not available, the event-specific corrections to surrogate IMS
stations and to stations with unique locations and validated operational characteristics should
be used.

Processing techniques

The Experts Group draws attention to the availability of the LocSAT program on the prototype
IDC fip site. This program has the full location capability of the IDC location programs,
including SSSCs, but does not require the ORACLE database; instead it uses standard files for
input and output.

The prototype IDC and the IDC should be prepared at any time to examine new techniques in
location estimation.Examples for relatively short term consideration include full use of the
Joint Hypocentral Determination method with events in the reference data base, cluster analy-
sis, and local-only locations. In the longer term, grid search techniques and correlation methods
for location, 3-D ray tracing by Gaussian beams or finite difference, and 3-D tomography
should be considered. Depth estimation is a continuing concern, elevation corrections may be
helpful, and depth phases for refracted arrivals might be useful.
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The Experts Group recommends that error estimation of phase arrival time picks should be re-
examined. The general feeling of the experts is that errors are currently underestimated. It was
suggested that a single Gaussian pdf should not be used, but some pdf with "tails" to handle
large errors. Better analyst tools could include use of array analysis to find coherent informa-
tion, and multistation methods such as generalized beamforming to check arrivals.

Suggestions were made that analysts could be presented the ranges of predicted arrival times
based on modeling error and/or analysts could specify a range of arrival times for low SNR
picks. It is desirable that filter parameters used in interactive processing should be recorded.

Cepstral techniques for the identification of depth phases should be further investigated. The
long term goal for depth dependent regional corrections is reiterated. Depth-dependent SSSCs
should be accommodated in the IDC software. Wavelet decomposition and other automated
methods for the more consistent identification of phase onsets, particularly Lg, should be fur-
ther developed and tested.

Baseline errors are expected to result when combining calibrated and non-calibrated station
sets. These baseline incompatibilities are expected to result in origin time and/or depth shifts
until all phases and stations are calibrated. However, uncalibrated data should not be excluded.
At this time inverse variance weighting is a reasonable approach to combining calibrated and
uncalibrated data. Nevertheless, calibrated and uncalibrated data should be combined only
when the variances used for each accurately reflect the relative uncertainties. It was also sug-
gested to calibrate whole regions so that we do not mix uncalibrated and calibrated stations; as
an example, it may be feasible to add to the calibrated Fennoscandian region incrementally.

Topic 4: Validation of Regional Calibration Information

Assessment of current efforts

The Fennoscandian SSSCs have been implemented, and improvements in location has been
documented for Fennoscandian and Kola events. It appears that a single regional model may be
useful for all of NW Russia. However, this is not fully validated. On validation, a period of test-
ing is needed before a CCB proposal.

The SSSCs for North America that were approved for implementation at the prototype IDC in
February 2000 are based upon a division of Canada and the USA into three distinct regions, the
assignment of a travel-time curve to each region, and a simple linear combination of travel
times in each region. The data and the methods used are quite well-documented. The location
improvements demonstrated in the validation of these SSSCs were very modest, and illustrate
the need for more sophisticated corrections based on additional data and more complex mod-
els. Some of the data used for validation was of questionable quality.

The basic divisions for North America are reflected in the corrections described above. The
main boundaries are quite well-defined but there is scope for refinement of the travel-time
curves and subdivision into additional regions. Well-calibrated events should be directly used
in the derivation of the correction surfaces. For North America, enough information should be
available to do this for station PDAR as a test case.
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Validation data bases

Validation databases should be chosen carefully, and the phase arrivals should be repicked.
Repeated events should be exploited to check data quality. The importance of the seismic data
(i.e., picks) equals the importance of the GT data. It is important that the phase data used for
validation be obtained through careful analysis of waveform data, ideally from IMS stations.

Historic data using past nuclear and chemical explosions has been used extensively in the work
for the refinement of 3-D models and the travel curves used for each region, respectively. The
accuracy of such information, particularly for chemical explosions, should be carefully
assessed and adequate documentation and references must be provided. Newly available com-
mercial satellite imagery will be useful in this regard.

Web and Fip sites should be established at the IDC and the prototype IDC to receive contrib-
uted models, ground truth, and metadata (velocity models, travel time curves, phase/group
velocity curves, crustal thickness, origins, arrivals, and waveforms). This would serve to
encourage contributions and broaden access.

Configuration Control Board and Location Calibration Board

The Experts Group reiterates the recommendation for establishment of a Location Calibration
Board (LCB). Currently, the Configuration Control Board (CCB) addresses the effects on the
overall system (e.g. integration) of new corrections, to a greater extent than their scientific
validity. For proposals involving location calibration corrections, additional expertise should be
drawn upon. The LCB would comprise a designated panel of experts to review CCB proposals
relating to location calibration and make recommendations to the CCB of the IDC concerning
their acceptability.

A period of testing will be required before a CCB proposal relating to location calibration can
be considered. The R&D testbed at the prototype IDC will be helpful for this purpose. It would
be desirable for the CCB proposal requirements to be documented, with examples, and made
easier if possible. CCB proposals should continue to be placed on the prototype IDC Web Page.
The main responsibility for validating calibration information should remain on the proposer.

Validation metrics

Methods of calculating error ellipses from data rather than a priori should be explored, and the
two methods compared. Possibilities are repeated events, bootstrapping, and Joint Hypocenter
Determination using groups of events.

An important question is how to validate partial SSSCs. One desirable task is to determine the
crossover between Pn, Sn, and P, S, which is region-dependent. There is a question as to
whether we should be correcting IASPEI or finding new absolute tables at regional/local dis-
tances; the IASPEI phases are not in general the ones present. It was pointed out that none of
the national networks uses IASPEI to locate events. It would be desirable to have the national
travel-time curves for all regions. States Signatories are again requested to provide all avail-
able regional travel-time curves. However, there is a problem in matching such local/regional
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tables with IASPEI for teleseismic distances, and with other regions, as seen in a study in
Fennoscandia.

The validation metrics should be revised to include a measure of how well the proposed correc-
tion surfaces fit observations at the station for events of known location. The unit test metrics
given in WGB/TL2-18 still appear to be appropriate, but may need to be revised. Concern was
expressed that situations may arise where the introduction of new corrections may cause a
small numbers of events to be significantly worse located than before. The evaluation metrics
listed in WGB/TL2-18 should be augmented with tools that enable such situations to be
detected.

Frode Ringdal
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6.2 Locating Seismic Events in Northern Eurasia

Introduction

As part of a project aimed at improving seismic monitoring capabilities under a CTBT, Kola
Regional Seismological Centre (KRSC) and NORSAR are conducting a comprehensive study
of seismicity, seismic wave propagation and seismic event location in the European Arctic. For
Fennoscandia, excellent velocity models have previously been developed, and one such model
is currently used at the prototype IDC (Bondar and Ryaboy, 1997). The velocity model in use at
KRSC for the past several years (the Barents Model) is very similar to the model used at the
prototype IDC, and is given in Table 6.2.1.

In this paper, we study the improvements that can be achieved when applying the Barents
model to seismic events in the general northern Eurasia region, when compared to the IASPEI-
91 model (Kennett, 1991).While the IASPEI-91 is an excellent average model for the entire
globe, it is well known that regional velocity models can provide improvements in many cases.
In particular, we will investigate whether the Barents model, which is known to give accurate
locations in the Fennoscandian and NW Russia area, can be successfully applied to the more
general northern Eurasia region.

Novaya Zemlya events

We have analyzed several seismic events at Novaya Zemlya, most of them nuclear explosions
with quite accurate ground truth location. We have in fact, with the assistance of satellite imag-
ery (Skorve and Skogan, 1992) determined very accurate reference locations for a set of these
nuclear explosions. Our ground truth locations for these events, estimated to be within 1 km
accuracy, are shown in Table 6.2.2. In the terminology used for the Calibration Database at the
PIDC (Bondar and North, 1999) our location estimates would therefore qualify for the GT1
category.

Results from our relocation of five nuclear explosions recorded by the Barents regional net-
work (Kremenetskaya and Asming, 1999) are shown in Figure 6.2.1. Only the four seismic sta-
tions in the Barents network (Amderma,Apatity, Barentsburg and Pyramiden) were used for
this relocation. From this figure, it is seen that the errors when relocating these Novaya Zemlya
nuclear explosions using the data from a regional seismic network with the Barents travel time
model are all within about 10 km.

In addition, we have located the small my,=3.8 nuclear explosion on 26 August 1984, using the
Barents network (Fig. 6.2.2). This explosion was listed by Mikhailov et. al. (1996) and given an
approximate location, based on NORSAR array observation only, by Ringdal (1997). The
explosion was not reported by the ISC, and is not listed in Table 6.2.2. Our location is within
the nuclear testing grounds, and is clearly better than the location given by Ringdal (1997).
However, no ground truth is known to us for this event, and it is therefore difficult to verify the
accuracy of our location. It appears 